Summary.-The topical carcinogenicity to mouse skin of smoke condensates obtained from a tobacco substitute (NSM), alone or in combination with tobacco, has been compared with condensate from tobacco and with acetone, the solvent used.
THE chemical complexity of cigarette smoke precludes the precise attribution of the known carcinogenic effects to a single component or group of components, and animal models are therefore required to assay carcinogenic activity. A model commonly used is the topical application of smoke condensates to mouse skin, and measurement of the incidence of tumours which result. The method has been much used to monitor attempts at reduction of the carcinogenicity of tobacco smoke, and although there is as yet no evidence equating mouse skin response with the human lung response, it is assumed that a direct relationship exists between the ability to induce tumours in mouse skin and in the human bronchial tract.
The experiments described were designed to determine the carcinogenic potential of smoke condensate from a substitute smoking material and from blends of this material with conventional tobacco.
MATERIAL AND METHODS
Cigarette8.-These were 2 sizes, each 70 mm long, but either 23-0 or 25-4 mm in circumference (designated A and B respectively). The cigarettes were either unfiltered or filtered with a 15 mm crimped paper/ acetate fibre filter showing 35% nicotine retention. The tobacco used was a commercial blend of flue-cured tobaccos, but contained no crushed stem (Imperial Tobacco Ltd, Bristol (1967) . The smoking machine operated by connecting in turn each of 24 cigarettes, which were secured in holders situated around a revolving disc, to a vacuum source. The unlighted end of each cigarette was open to the atmosphere between puffs. Cigarettes were lighted by an .qlectrically heated coil, and replaced when individual cigarettes had reached an estimated butt length of 20 mm. The smoking constants used were a conventional puff volume of 35 ml, puff duration of 2 s, and an interval of 1 min (Rothwell and Grant, 1974) . Smoke was condensed using a cold impaction trap, and the resultant tar suspended in acetone: water (90: 10 v/v) mixture. The yields of condensate were expressed in terms of mg of fresh anhydrous smoke (FAS) ( Table I ). An aliquot of the condensate from each batch of cigarettes was evaporated under reduced pressure on a water bath at 40°C until constant weight was obtained, the residue was returned to the main solution, which was then diluted with the appropriate volume of solvent to give the desired dry weight per unit volume.
The condensates were prepared at weekly intervals and stored at room temperatures until and during use. They were normally between 2 and 3 weeks old when applied to the miee, during which time it is known that the tumour-producing effect of condensate is virtually unchanged (Day, 1967) .
The condensate preparations were applied with an " ARH continuous pipetting unit " (Arnold R. Horwell Ltd) through a stainless steel cannula 4 cm long and 2 mm in diameter at the rate of 0 3 cm3 per mouse on 3 days (Monday, Wednesday and Friday) in each week. The animals were not " habituated "
to the treatment before starting the experiment. Different doses were achieved by variation in concentration, a fixed volume being applied to each animal. Control animals were treated with equivalent volumes of solvent only.
Animals.-The 4,080 mice used in these experiments were 4-5-week-old-CFLP female mice, a hysterectomy-derived strain of Swiss origin (Carworth-Europe, Alconbury, Huntingdon).
The cages (28.5 x 28 x 10 cm) were constructed at 19-gauge galvanized wire mesh on 3 sides and floor with a solid back, and were suspended over collecting trays. Each rack contained 80 cages, and a total of 16 racks was used for these experiments, 8 racks being housed in each of 2 rooms. The position of each unit was varied within each room to avoid environmental bias from ventilation, light and temperature.
The mice were allocated to cages on arrival, and then distributed amongst the groups on the basis of total body weight per cage, to give equal weight distribution within the groups. They were maintained on pasteurized mouse cubes (Oakes of Congleton, Cheshire) and water ad libitum. The animals were kept in a barrier-maintained area throughout the experiment and the animal rooms maintained at a temperature of 720 ± 20F.
The start was staggered over 13 weeks The experiment was divided to allow equal proportions of each group on the various treatments to commence in the same week. Treatment commenced after 2 weeks' cage acclimatization, when the mice were 6-7 weeks of age. During the second week of (3) To check that the skin-tumourproducing activity of NSM condensate is certainly less than 70% that of tobacco, and probably less than 50%
(1-tail: of -5% : = 5%h test).
The doses of condensate employed were selected to provide as near to a linear dose response as possible. The low skin-tumourproducing potential of NSM condensate necessitated larger dosage with this material.
Observations
Body weight.-Individual mice were weighed initially, and then weekly during the first 12 weeks, and thereafter at fortnightly intervals until death.
Food consumption.-Food consumption per cage of 10 mice was recorded weekly for the first 12 weeks.
Clinical observations.-All animals were checked daily, and any abnormality in behaviour or physical condition recorded.
Once a week, special attention was given to the skin, and a count and classification made of any tumours present; the exact site and date of appearance were noted on the mouse record card. Papillomas, including suspected sebaceous adenomas, were recorded when they appeared to be greater than 1 mm3 in size, and they had been present for at least 2 consecutive weeks. Papillomas were classified as suspected carcinomas when there was a swelling of the dermis beneath the papilloma or the papilloma became "fixed" suggesting a (tumorous) connection between the skin and underlying muscle; or when the papilloma had sloughed at the centre to give rise to an ulcerated crater with rolled edges. Regression was recorded when a papilloma which had been present for more than 2 weeks completely disappeared. These observations were made on all animals in the experiment.
Pathology.-A full post-mortem examination was made on all animals. Any mouse which became moribund or distressed due to disease (including tumour) during the course of the experiment was killed and examined. Those mice which died spontaneously were examined as soon as possible, and always within 24 h of death. Where severe autolysis had occurred, only skin and macroscopically abnormal tissues were fixed for histopathological examination. Rarely, all tissues were lost because of complete cannibalism (0.5% of all deaths).
The skin histopathological examination is reported for the control animals and all treated with condensates. Histopathology of all other tissues taken was done on all the animals in the control group, on 100 animals chosen by random selection from groups which contained 250 animals, and on all animals from other groups, provided the tissues were not autolysed or cannibalized. The total number of animals eventually studied was 4,052 out of the possible 4,080. During the course of a post-mortem examination, sections of the following tissues were preserved in formol-corrosive for histopathological examination: adrenal, caecum, colon, duodenum, heart, ileum, jejunum, kidney, liver, lungs, (having first been inflated with formol saline), ovary, pancreas, pituitary, salivary gland, spleen, stomach, thymus (where it had not involuted), thyroid, urinary bladder, uterus, voluntary muscle and any abnormal tissue. The brain was included in the case of suspected tumours, or where abnormal behaviour had been observed before death. Sections were cut at 5 ,um, stained with haematoxylin and eosin, and special stains where appropriate. Lymph nodes (abdominal, axillary, cervical, inguinal, mesenteric, renal and thymic) were examined during the course of the post-mortem examination, but not preserved unless apparently abnormal.
Sections of skin including some normal tissue, and all tumours inside or outside the treated area, were preserved in Bouin's fixative for histopathological examination.
To minimize operator bias in these and post-mortem procedures, the training of all experimental assistants was managed by one person, and each assistant at different times was involved in all the procedures, and with each group of animals.
Histopathology of skin on all animals in the experiment was classified as follows: 0 Normal skin. Normal: up to 3 lavers of nucleated cells in the epithelium. Moderate hyperplasia: 3-4 layers of nucleated cells. Severe hyperplasia: > 4 layers ofnucleated cells. The slides were examined by a group of 6 pathologists, and the diagnoses coded for computer storage. The pathologists agreed the terminology to be used, but there was no attempt to standardize the individual diagnoses. The slides were allocated to individual pathologists by a random selection procedure which ensured that each of them received material from mice in all experimental groups.
Skin-tumour incidence was subjected to statistical analysis both for all tumour-bearing animals, and for animals with proven carcinomas. Analyses were of 2 types: the classical age-standardization technique, which gives a percentage tuinour incidence corrected for varying mortality patterns (Yule, 1934; Pike, 1966; Peto and Lee, 1973 ) and a mathematical modelling technique based upon the Weibull distribution (Pike, 1966; Peto and Lee, 1973) . This technique gives a parameter b which measures the intensity of the tumour-producing response to treatment; b contains a scaling factor which is different for the "all tumour " and " confined carcinomas analysis, but within either analysis the b values give reliable comparisons of treatment effects. The scaling factor is due to measurement of " age to tumour " in weeks. An average of " age to tumour " is raised to the power of 3.5 for all tumours and 10 for carcinomas, giving scaling factors of 107 and 1023 respectively. The b factors calculated were almost proportional to the corresponding standardized rates, and interpretation of activity is virtually the same for both criteria.
RESULTS

Clinical observations
Evidence of nicotine poisoning (tremors, and clonic contractions on external stimulus, followed by a period of subdued behaviour) was observed in the majority of mice receiving the high doses from 100% tobacco or 80% tobacco/20% NSM mixture during the first few weeks of the experiment. This resulted in the death of 8 mice receiving the high-dose condensate from size A plain tobacco cigarettes. The symptoms of nicotine poisoning occurred within 10 min of dosing, and lasted for several hours. By Week 8 the evidence of nicotine poisoning was minimal; animals had become acclimatized to their respective treatments.
Also during the first 8 weeks, some matting of the fur occurred, especially on 100% tobacco and 80% tobacco/20% NSM mixture; this caused irritation, and increased scratching of the painted area occurred.
An outbreak of Tyzzer's disease occurred between 34 and 49 weeks (depending on the staggered start). A total of 488 mice was autopsied over a period of 6 weeks and, of these, 128 showed typical Tyzzer's lesions of the liver. To prevent the outbreak reaching epidemic proportions and the potential loss of the experiment, all mice were treated with oxytetracycline (25 mg/kg, " Imperacin ") in the drinking water for 5 days. Oxytetracycline has previously been found to be effective in (Hunter, 1971) . It has been suggested that Tyzzer's disease is endemic in certain strains of mice (Saunders, 1958) , but an outbreak only occurs when the mice are subjected to a stress factor. No correlation could be found between this episode and the subsequent tumour response. A second minor outbreak occurred between weeks 60 and 75, and again the infection was controlled by treatment with oxytetracycline.
The overall skin-tumour response (Table III) shows that there is a reduction of tumour response when the proportion of NSM present is increased, and that there is a well-defined dose-response relationship, the tumour yield increasing with dosage of condensate. There is no departure from these relationships when any of the variables are considered on the basis of log dose-log response effect, and to produce the indicated mean FAS condensate dose.
it is therefore legitimate to treat the groups as replicates when studying the 4 cigarette types.
NSM condensate produced about 25% of the total number of skin tumours produced by a similar dose of tobacco condensate. It caused less than 5 % of the equivalent total of malignant tumours (Table IV ). Significant reductions of activity per unit dose of condensate were also observed with the blends (80/20, P < 0-05; 55/45, P < 0-001). In terms of dose required to produce the same tumour response, NSM showed 31 % of the total tumour generation of tobacco (i.e., 31 parts of tobacco is equivalent to 100 parts NSM), and about 22 % of the malignant tumour activity (37 % and 30 % respectively at the upper confidence limits of 95%). The 80/20 blend showed 94% and 97% activity respectively on this basis, and the 55/45 blend 79% and 75%. (Table V) . It should be noted that the b factors are different for " all tumours " or " carcinomas " analyses because of differences in the latent periods; but within each analysis the b values give reliable comparisons and are closely similar to the age-standardized rates.
Analysis of epidermal hyperplasia in the absence of tumour pathology (Table  VI) shows that hyperplasia is virtually only seen when tobacco is present in the blend used to produce the condensate. NSM condensate does not result in significant hyperplasia. Given the reduced condensate yield from NSM, the hyperplasia resulting from treatment with condensate from blends is almost proportionate to that fraction of the condensate coming from tobacco.
General pathological examination of tissues other than skin revealed an extensive range of neoplastic and other pathology (Tables VII and VIII (Table IX) is constant in all groups. About 25% of these are lymphomas. There is no indicationof a specific lesion attributable to treatment, nor is there evidence of a difference between condensates derived from filtered or plain cigarettes.
DISCUSSION
It has been claimed that the carcinogenic properties of tobacco smoke reside almost wholly in the particulate phase of the smoke (Wynder and Hoffmann, 1968) . Although this view has been questioned (Leuchtenberger et al., 1967; Braven et al., 1967; Leuchtenberger and Leuchtenberger 1969) , it is likely that the particulate phase contains a significant proportion of the active chemicals (Van Duuren, 1968) . NSM is chemically simpler than tobacco as a result of the smaller proportion of organic material present, and the condensate from NSM is likewise less complex than that from tobacco. It was predictable, therefore, that NSM condensate would be less active than tobacco condensate. The main object of this work was to determine the tumour-producing activity of NSM smoke condensate when applied to mouse skin, and to compare this, at different applied dosages, with condensate from a typical flue-cured tobacco and from blends of flue-cured tobacco with NSM. In addition, it was intended to measure any interaction between NSM and tobacco which resulted in enhanced activity. Finally, it was thought that more general pathology might result, either from condensate absorption through the skin, or by ingestion of applied condensate following natural animal grooming.
The results of these experiments have shown that NSM condensate has less than 37%o of the overall activity of tobacco condensate. The material produced very few carcinomas in different groups, so that these results are insufficiently precise, but this incidence does not differ significantly from the controls, and is certainly less than 30%0 the activity of tobacco.
Apart from the true reduction of tumour-producing activity, the observed effects could be due to other substances in the NSM condensate which either interfere with its activity, or reduce the extent of skin contact. Substantial amounts of glycerol are present, for example, and this might inhibit absorption of the carcinogenic constituents. Specific experi- cigarette (Table X) . These figures relate to the control tobacco used in these experiments, which yields greater amounts of condensate than are commonly produced from the commercial blends of today. Similar calculations for different types (Table X) show the relative effects of combining filter and substitute. Skin hyperplasia (in the absence of other skin tumours) was closely linked to the amount of tobacco condensate painted on the mouse, showing a strong doseresponse relationship. There were indications that, as the proportion of NSM increased in the blend, there was a slight reduction of hyperplasia; 100% NSM condensate producing virtually no hyperplasia. These results would suggest that NSM makes little qualitative contribution to those factors responsible for hyperplasia.
There was a possibility that a proportion ofthe applied condensate was absorbed through the skin or ingested while grooming, and that this might lead to systemic pathology. The absence of any systemic pathology related to a particular treatment shows that there is no constituent of the condensate which is likely to result in marked and unsuspected pathology, if absorption occurs.
The relevance of the mouse skin model to human carcinogenesis remains uncertain. If it is regarded as a model system to determine the comparative effects of smoke condensates on a tissue in terms of neoplastic response, then the present work indicates that NSM condensate is significantly less carcinogenic than tobacco condensate, and offers a method compatible with others to reduce the potential hazards of cigarette smoking.
The incorporation of NSM into tobacco cigarettes would have an effect comparable to a reduction in the number of tobacco cigarettes smoked. If there is a linear relationship between numbers smoked and lung cancer (Doll and Pike, 1972) and ifthe mouse skin model applies, then the expected reductions in lung cancer incidences would approximate the amount of NSM present. Confirmation of this will require prolonged inhalation studies in experimental animals capable of responding to inhaled smoke by the development of bronchopulmonary tumours, or by prolonged exposure in man with the attendant epidemiological studies. In the absence of precise understanding of the carcinogenic mechanisms operating in mouse skin, however, it still has validity only as a model for comparing the relative potencies of topically applied materials.
It is worth noting that the relevance of these comments would be severely reduced if the activity of NSM condensate was not less than that of the control material derived from tobacco. If this was not so, it would be difficult to predict with confidence a beneficial effect to the human smoker, even if the amount of condensate was reduced. Given the variability of dosage which actually occurs over the long periods of exposure of the human smoker, due for example to depth of inhalation or rate of smoking, mere reduction of condensate yield might be more than offset by increased potency, or the increased sensitivity of the human bronchus compared with mouse skin. The safest course must be to reduce both the amount and activity of the tar.
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